Ward's Red-backed Vole (Eothenomys wardi) is a rodent from the family Cricetidae. This endemic species occurs only in extreme northwestern Yunnan province, China in the Mekong and Salween river divide. It occupies steep cliffs at 2,800 to 4,250 m above sea level on the remote Qinghai-Tibetan plateau. The validity of E. wardi is controversial and no specimens exist apart from the nominal series. In 2010, we collected 38 topotypes of E. wardi from Meri Snow Mountain. The results of our phylogenetic analyses based on nucleotide sequences of the mitochondrial genes cytochrome b (cytb) and cytochrome c oxidase subunit one (COI) suggest that E. wardi is the sister group of E. custos, against its previously presumed sister species or conspecific species E. chinensis. In addition, seven out of 34 morphological characters differentiate E. wardi from other members of the genus Eothenomys. Therefore, we consider E. wardi to be a valid species and we provide its detailed morphological description.
Introduction
Oriental voles (including Eothenomys and Caryomys) mainly occur in the Hengduan Mountains of southwestern China, northeastern Myanmar, and Assam, India. The intra-and inter-generic taxonomies of these voles are fraught with uncertainty. Historically, 25 nominal species have been included at least once in these genera, yet today only five to 12 species are recognized. Most species reside as synonyms or subspecies of other species, or in other genera. Liu et al. (2012) surveyed most species of Oriental voles, except for E. wardi, using morphology and mitochondrial DNA (mtDNA) sequences encoding cytochrome b (cytb) and the standard DNA barcoding gene cytochrome c oxidase subunit I (COI). They affirmed monophyly of both Caryomys, which contains C. inez and C. eva, and Eothenomys, which is comprised of the subgenera Eothenomys, Anteliomys, and Ermites. Subgenus Eothenomys contains the valid species E. melanogaster; the species E. cachinus, E. eleusis, E. fidelis, and E. miletus intermix with each other in the mtDNA trees suggesting introgressive hybridization, incomplete lineage sorting, or taxonomic invalidity owing to continuous gene flow. In subgenus Anteliomys, E. chinensis, E. custos, E. olitor, and E. proditor appear to be valid. The status of E. wardi is uncertain because of the lack of specimens. In subgenus Ermites, Liu et al. (2012) elevated E. custos hintoni and E. chinensis tarquinius to the species level as E. hintoni and E. tarquinius. Two new species are awaiting description in this subgenus.
In 1910, F. Kingdon Ward collected 19 specimens of voles from Chamutong (Meri Snow Mountain), west of Atuntze (Deqin county), northwestern Yunnan between the Mekong (Lancang in Chinese) and Salween (Lu) rivers. Thomas (1914) described them as the new species Microtus wardi and arranged it under the subgenus Anteliomys. Hinton (1923) elevated Anteliomys as a genus and assigned the species as A. wardi. Hinton (1926) and Ellerman (1941) followed this taxonomic arrangement. Subsequently, Osgood (1932) synonymized Anteliomys into Eothenomys and Allen (1940) assigned it as a subspecies of Eothenomys chinensis, as E. chinensis wardi, because of its large body size and high ratio of tail length to body length (usually over 50%). Corbet and Hill (1992) , followed by Kaneko (1996) , Wang (2003) , Musser and Carleton (2005) , and Smith and Xie (2008) , recognized E. wardi as a valid species due to its having a shorter tail and very much smaller auditory bullae. However, the taxon has been considered both historically and very recently to be a junior synonym of E. chinensis (Allen 1940; Ellerman & Morrison 1951; Luo et al. 2000; Musser & Carleton 1993) ; its status has remains disputed. All differences of opinion rely exclusively on the nominal series and all taxonomic arrangements are based on morphology.
Eothenomys wardi occurs in a very narrow, remote region of the Qinghai-Tibetan plateau that consists of cliffs. As typical of his time, Thomas (1914) provided a very cursory description only. Hinton (1926) illustrated the upper and lower molars. Corbet and Hill (1992) summarized variation in measurements and documented the species' distribution.
In 2010, we collected 38 specimens of E. wardi from the type locality. To resolve its taxonomic status and provide a detailed description of the species, we performed molecular and morphological studies.
Material and methods
Ethic Statement. Fieldwork was conducted in accordance with animal care and guidelines established by the American Society of Mammalogists (Gannon & Sikes 2011) .
Morphological study. We examined the morphology of 90 preserved specimens of subgenus Anteliomys including the following species: E. chinensis, E. custos, E. olitor, E. proditor, and E. wardi. Several external, cranial, and dental characters were recorded for each specimen as follows (abbreviations from Liu et al. 2007) : tail length (TL), ear length (EL), head-body length measured from snout to anus (HBL), hindfoot length excluding claws (HFL), weight (g) of fresh specimen, skull greatest length (SGL), skull basal length (SBL), condylobasal length (CBL), zygomatic breadth (ZB), mastoidal breadth (MB), Auditory bullae length (ABL), least interorbital width (IOW), skull height (SH), length of maxillary toothrow (LMxT), width across molars (M-M), and length of the mandibular toothrow (LMbT). A principal component analysis (PCA) was used to evaluate variation in the 18 morphological measurements between E. wardi and other species of subgenus Anteliomys (n=60). Preparation of the glans penis followed Hooper (1958) and Lidicker (1960) . Bacular structures were assessed from translucent preparations of the glans. Measurements and abbreviations for the glans and bacula were the same as those of Hooper (1958) , Yang and Fang (1988) and Yang et al. (1992) as follows: length of glans (LG), diameter of glans (DG), Total length of baculum (TLB), proximal baculum length (PBL), width of proximal baculum base (WPBB), width of proximal baculum at the middle point (WPB), height of proximal baculum base (HPBB), distal baculum length (DBL), width of distal baculum (WDB), and lateral baculum length (LBL).
Statistical analyses of the morphological data were performed using SPSS v.13.0 for Windows (SPSS Inc. 2004) . Descriptive statistics (mean, standard deviation, and range) were computed for each species. Principal component analysis (PCA) was used to obtain a general view of intra-and interspecific variation. We projected the most informative factors of individuals to detect differences in morphological measurements between E. wardi and other species of subgenus Anteliomys. A T-test was used to compare our measurements with those of Hinton for and between E. wardi and E. chinensis.
Molecular data acquisition. A total of 16 specimens of E. wardi and two specimens of E. c. custos were analyzed for variation in cytochrome b (cytb) and cytochrome c oxidase subunit one (COI). Sample localities are indicated in Figure 1 and detailed information are listed in APPENDIX I. Twenty-nine cytb haplotypes of Oriental voles representing 13 species were obtained from Liu et al. (2012) along with one sequence for Myodes rufocanus. Haplotypes for four species (five haplotypes) of Eothenomys, N. irene, and five species of Myodes were retrieved from GenBank (APPENDIX I). For COI, 27 haplotypes were retrieved for 13 species of Oriental voles from Liu et al. (2012) . Further, three haplotypes of My. rufocanus were retrieved from GenBank along with one haplotype each of My. rutilus (Liu et al. 2012) , N. irene and six species of Myodes. Mesocricetus auratus was chosen as the outgroup based on the study of Liu et al. (2012) . Total genomic DNA was extracted from muscle tissues preserved in 95% ethanol using the Qiagen DNeasy Blood and Tissue Kit (Qiagen, Germantown, MD, USA). Double-stranded DNA amplifications of complete cytb were performed for each individual with the universal primers: L14724 (5'-CGAAGCTTGATATGAAAAACCAT CGTT-3') (Pääbo & Wilson 1988) and H15915R (5'-GGAATTCATCTCTCCGGTTTACAAGA-3') (Irwin et al. 1991) . To obtain complete sequences from cytb, we used the primers L15408 (5'-ATAGACAAA.ATCCCATTCCA -3') (Irwin et al. 1991) and H15149 (5'-AACTGCAGCCCCTCAGAATG-3') (Kocher et al. 1989) . PCR amplification was performed in a reaction mixture of 25 µl containing 5 pM of each primer, 100 µM of each dNTP, 2.5 µl 10 X LA PCR Buffer, 1.25 U of TaKaRa LA Taq® (TaKaRa Biotechnology Co., Ltd., Dalian), and 50-100 ng genomic DNA. The PCR amplification reaction was performed with 95°C for 5 min, followed by 34 cycles of 30 s at 94°C, annealing for 50 s at 48-50°C, and a 1.5 min extension at 72°C, with a final extension at 72°C for 10 min. The primers: COIF 5'-TTGCAATTCGATGTGATT-3' and COIR 5'-ATGATGCTGGCTTGAAAC-3' were used for COI amplification. Amplification of COI was carried out as for cytb. PCR conditions included an initial denaturation step at 95°C for 3 min, followed by a touchdown program including 40 cycles at 95°C for 45 s, annealing for 1 min and 72°C for 1 min 30 s, where annealing temperature was decreased from 60°C to 50°C by 0.5°C/cycle in the first 20 cycles and followed by 20 cycles at the lower annealing temperature 50°C and a final extension of 72°C for 10 min.
Amplified PCR products were checked electrophoretically on a 1% agarose gel and visualized with ethidium bromide-staining to verify PCR quality. The fragments were sized using the molecular weight marker DL2,000 (TaKaRa). Purification of PCR products was conducted with a MiniBEST DNA Fragment Purification Kit v.3.0 (TaKaRa). Direct sequencing was performed using the Big Dye 3.1 Terminator cycle sequencing kit (Applied Biosystems, Foster City, CA, USA) according to the manufacturer's instructions and nucleotide sequences were determined using an ABI PRISM 3730 sequencer (Applied Biosystems). The possibility of Numt sequences was checked as follows: 1) translating the nucleotide sequences into amino acids to confirm conventionally positioned start and stop codons, and the absence of premature stop codons and insertions or deletions (Luo et al., 2004) ; 2) constructing neighbor-joining (NJ) phenograms to infer sequence orthology; and 3) submitting sequences to BLAST comparisons (Altschul et al., 1997) .
Phylogenetic analyses. All nucleotide sequences were edited using SeqMan from Lasergene in DNAStar v.6.0 (Madison, WI; http://www.dnastar.com) and aligned using ClustalX v.2.10 ( Thompson et al. 1997 ) using default parameters followed by manual correction when required. Identical haplotypes collapsed using DnaSP v.5.10.01 (Librado & Rozas 2009 ).
Phylogenetic congruence was tested using the partition-homogeneity test (Farris et al. 1994) with 100 replicates as implemented in PAUP* v.4.0b10 (Swofford 2001) . Further analyses were performed on the combined data if the results of the test were not significant.
Sequence variation and divergence were calculated using MEGA 5 (Tamura et al. 2011) . We chose the Kimura 2-parameter model (Kimura 1980) to summarize sequence divergence for cytb. PAUP*, RAxML v.7.2.7-ALPHA (Stamatakis 2006; Stamatakis et al. 2008) , and MrBayes v.3.1.2 (Ronquist & Huelsenbeck 2003) were used to perform maximum parsimony (MP), maximum likelihood (ML), and Bayesian inference (BI) analyses, respectively. Gaps were treated as missing data in all analyses. In the MP analyses, all character state transformations were weighted equally and a heuristic search strategy was employed with the treebisection and reconnection (TBR) branch swapping algorithm, random addition of taxa (100) and 1000 replicates per search. Nodal reliability was evaluated using bootstrap support (BS) (Felsenstein 1985) with 1000 pseudoreplicates. For ML and BI, MODELTEST v.3.7 (Posada & Crandall 1998 ) was employed to select the best model of evolution for the two genes based on the Akaike Information Criterion (AIC) (Posada & Buckley 2004) . ML analyses were performed on the CIPRES web portal (Miller et al. 2010) . We used the GTRGAMMA model for each partition as recommended by RAxML and bootstrap analyses employed 1000 replicates. For BI, four Metropolis-coupled Markov chain Monte Carlo (MCMC) analyses were run for 30,000,000 generations while sampling trees every 100 generations. The average standard deviation of split frequencies was required to be below 0.001 when the run ended. The first 25% of the trees were discarded as the burn-in. A 50% majority-rule consensus of post burn-in trees was constructed and the frequencies of nodal resolution were termed posterior probabilities (PP).
S-H test. The Shimodaira-Hasegawa test statistic was used to statistically compare alternative phylogenetic hypotheses (Shimodaira and Hasegawa, 1999) . The tests were conducted using PAUP* v.4.0b10, with RELL (resampling estimated log-likelihood) optimization and 1,000 bootstrap replicates.
Molecular dating. We estimated divergence times with BEAST v.1.5.4 (Drummond & Rambaut 2007 ) assuming relaxed molecular dating (Brandley et al. 2005; Drummond et al. 2006) . We used the fossil record for calibrating the clock. The earliest fossils of Eothenomys from the Trans-Himalayan area were recorded from the early Pleistocene, but no direct ancestor has yet been detected in Chinese fossil layers (Zheng, 1993) . In Japan, where the fossil record is relatively complete, divergence between Myodes and the ancestor of Japanese red-backed voles was dated to the late Pliocene or early Pleistocene (Kawamura, 1988) . Therefore, we used the early Pleistocene divergence of the Japanese red-backed vole My. andersoni from My. glareolus, My. gapperi, and My. rutilus (1.80 million years ago; Ma) (Kawamura, 1988) as a calibration point for the different lineages of Oriental voles (Luo et al., 2004) . The analyses consisted of a randomly generated starting tree. To account for uncertainty of the assumption-date, we used 0.2 Ma as the standard error. Preliminary analyses were performed with an uncorrelated lognormal relaxed molecular clock and with default prior distributions of model parameters of BEAST. Each analysis consisted of 40 million generations and trees were sampled every 1,000 generations. The analyses were repeated four times and convergence was assessed using Tracer v.1.5 (Drummond & Rambaut 2007) .
Results
Morphology. Detailed morphological characters of E. wardi and comparison with related taxa were listed in Tables  1-2 (Fig. 2) .
Eothenomys wardi distinctly differed from other members of Anteliomys in the following characteristics: (1) the third upper molar of E. wardi was highly variable but largely invariant in the other species (Fig. 2) ; (2) the urethral lappet of E. wardi was complicated and variable, having four or six forks ( Fig. 3; Table 2 ), but other members of Anteliomys were invariant and simple, either having three forks or no forks (Fig. 3) ; (3) the TL ratio of E. wardi averaged 50% of HBL but the ratio in E. chinensis was more than 52%, and in other members of Anteliomys (E. olitor, E. custos, and E. proditor) less than 40%; (4) the HBL of E. wardi was similar to that of E. custos and E. proditor but longer than that of E. olitor and shorter than that of E. chinensis; (5) the EL of E. wardi was similar to E. chinensis but much longer than that of other members of Anteliomys; (6) the ZB of E. wardi was close to that of E. chinensis and E. proditor but much longer than that of E. custos and E. olitor; and (7) the ABL of E. wardi was much shorter than those for other members of Anteliomys, except for E. olitor (Table 1) . Thus, E. wardi had a larger TL ratio, relatively broad ZB, a longer ear, smaller ABL, and, although not noted above, a distinct morphology of the glans penis (Table 2) .
In the PCA analysis, all variables had positive loadings of high magnitude on the 1 st component, accounting for 69.423% of the total variance; most of the variation involved size. The first three components explained about 93.228% of the total variance ( Table 3 ). The 1 st component separated specimens on basis of 16 measurements, excluding TL and IOW. The 2 nd and 3 rd components separated specimens mainly on the basis of TL and IOW. The trivariate scatter plot of specimen scores on components 1, 2, and 3 distinctly separated specimens of E. wardi from those of the other four species (Figure 4) .
Matrilineal phylogeny. The nucleotide sequences for cytb and COI were deposited in GenBank (Accession numbers in APPENDIX I). Following alignment, we obtained 1104 base pairs (bp) for cytb. This alignment had 39.5% variable sites of which 32.5% were potentially parsimony-informative. All 15 specimens of E. wardi had the same haplotype, as did both specimens of E. c. custos. For COI, we obtained three haplotypes of 1545 bp for 15 samples of E. wardi. Only one haplotype was obtained from the two specimens of E. c. custos. The concatenated sequences for cytb and COI from E. wardi yielded a 2688 bp fragment of which 37% of the sites varied and 31.5% were potentially parsimony-informative. All three tree-construction methods generated broadly identical genealogies and most nodes were highly supported (Figs 5-7) . The trees were very similar to those of Liu et al. (2012) , albeit with the addition of E. wardi. The branches for Caryomys and Eothenomys were highly supported by posterior probabilities (100%) and ML BS (94%), but not from MP BS (64%) in the concatenated dataset (Fig. 5) . In the cytb tree, Caryomys and Eothenomys formed a polytomy and Myodes rooted distantly in another lineage (Fig. 6) . BI, MP, and ML analyses recovered genus Caryomys and subgenera Eothenomys, Anteliomys, and Ermites with high support values (Figs 5 and 7) as found by Liu et al. (2012) . The BI, ML, and MP analyses for cytb, COI, and the concatenated data obtained highly supported branches for subgenus Anteliomys; E. wardi located in this lineage along with E. chinensis, E. custos, E. olitor, and E. proditor (Figs.5-7 ). This group had two sub-lineages, the first including E. custos and E. wardi, and the second the remaining three species. The sister group relationship of these lineages was supported with BS values of 100 for ML and MP, and 1.00 for BI. Eothenomys wardi never formed a sister relationship with E. chinensis (Figs. 5-7) .
Eothenomys custos contained three lineages and the cytb tree mixed individuals of E. c. custos (HM165391, HM165392, and JQ818229) and E. c. rubellus (HM165427). The COI tree also mixed individuals for E. c. custos (HM165317 and JQ818229) and E. c. rubellus (HM165352 and HM165351).
K2P distances in subgenus Anteliomys ranged from 7.4% to12.6%. The lowest distance occurred between E. olitor and E. proditor. The genetic distance between E. custos and E. wardi averaged 8.6%; their intraspecific differences averaged 2.6% and 0.7%, respectively. The S-H tests rejected the hypothesis of monophyly of E. wardi plus E. chinensis (p < 0.001). Identical results were obtained for the cytb, COI, and concatenated data trees.
Incomplete lineage sorting was not encountered for E. wardi and this indicated the absence of recent intermixing of populations. The non-overlapping morphological differences between species supported the absence of gene flow. Therefore, E. wardi appeared to be a valid species in the E. custos species group. Molecular dating. Divergence time estimations suggested that E. wardi and E. custos split ca. 0.06 Mya (95% HPD 0.08-0.05). Description. Pelage from neck to hip uniform grey-brown. Entire back covered with fine, velvet hair about 8 mm long; proximal part of the fur black-grey and the distal part grey-brown; few guard hairs present. Venter more lightly colored than dorsum; hairs black-gray at base and grey at tip without guard and pile hairs; some specimens with tips of central furs brushed with yellow. Transition between darker dorsal and lighter ventral pelage not abrupt. Margin of lip gray-white. About 24 mystacial vibrissae on both sides; most white, proximal part of some black; distal part white; shortest vibrissa about 4 mm, longest 25 mm.
Detailed description of
Ears extend slightly above pelage; front part covered with dense fur, color same as back; back of ears with thinner, shorter gray fur. Tail gray-black on dorsum, grey-white below. Hair at the tip of tail slightly elongated. Dorsal and ventral hair of forefoot gray; ventral hairs longer than dorsal. Hindfoot hair on dorsum same as forefoot. Claws white. Five palmar and six plantar pads. Females with four inguinal mammae.
Skull relatively sturdy (Fig. 2 A,B) ; dorsal profile straight and brain case flattened (Fig. 2 C) . Nasal broad with narrower posterior part; posterior margin of nasals cuspidal, protruding in front of maxilla (Fig. 2 A) . Posterior and anterior parts of frontal bone broad, middle a little narrower. Interparietal bone broad, anterior part arc-shaped, posterior margin anomalistic shaped (Fig. 2 A) . Faint interorbital ridge and temporal ridges present. IOW relatively broad. Zygomatic arches relatively sturdy, middle part slightly broader. Auditory bullae relatively small. Incisory foramen 1.2 mm wide, 4.5 mm long. Posterior palate typical of Eothenomys, ending as a thin transverse shelf without a median bony bridge (Fig. 2 B) . Mandibles relatively sturdy in build (Fig. 2 D-E) . Upper incisors medium length (TUIB= 2.02 mm), orange. Molars rootless. First upper molar with four closed triangles after anterior transverse space, two inner and two outer closed triangles, forming three outer and three inner angles. The 2 nd upper molar with three closed triangles after anterior transverse space, one inner and two outer closed triangles, forming two inner and three outer angles. The 3 rd upper molar usually with seven triangles and inward "C-loop," but only two triangles closed; five inner and five outer angles; pattern variable among 38 adult specimens: 57.9 % (22/38) with five inner and five outer angles; 15.8% (6/38) with five inner and four outer angles; 7.9% (3/38) with five inner and six outer angles; 7.9 % (3/38) with five inner and three outer angles; 5.3% (2/38) with four inner and five outer angles; and 5.3% (2/38) with four inner and four outer angles (Fig. 2 F-K) . Outcropping of lower incisor 7.67 mm (7.14-8.20) long. Lower incisors relatively long, 14.41 mm (14.22-14.64), 84.4% (82.2-85.7) of mandible length (including incisor), and exceeding concavity of mandibular condyle and coronoid process. The 1 st lower molar (Fig. 2 D) with transverse posterior space; two pairs of open triangles confluent to each other in front of it, anterior of which with inner opened triangle and trefoil; five inner and four outer angles; some specimens with five inner and four outer angles. The 2 nd lower molar also with transverse posterior space; two opposite pairs of triangles widely open and confluent at their bases; three outer and three inner angles. The 3 rd lower molar with three transverse superposed spaces; three inner and three outer angles (Fig. 2 D) . Glans penis (Fig. 3 A) pole-like, dumpy with ventral groove (Table 2) ; outer crater papillae absent. Urethral lappet variable; most specimens with four forks, the middle slightly shorter; few with four forks and top of lateral forks divide into two forks (Fig. 3, A3 ). Dorsal papilla relatively slender with two fore-and aft-tips; slightly short of dorsal outer crater. Proximal baculum bony, rhombus-shaped, and bottom of base concave. Distal baculum bony, stick-shaped with proximal part bulgy, lateral bacular processes stick-shaped.
Distribution. Specimens occurred only in Meri Snow Mountain (Chamutong), west of Deqin county (Atuntze), northwestern Yunnan between the Mekong (Lancang) and Salween (Lu) rivers.
Habitat. This species inhabits forests of moist spruce (Picea likiangensis and P. brachytyla var. camplantata) and fir (Abies georgei and A. forrestii). Grass-height averaged about 1.5m and was very dense.
Specimens examined. 38 individuals (19♂♂, 19♀♀) , deposited in Sichuan Academy of Forestry. Comparisons Subgenus Anteliomys, which includes E. wardi, is easily diagnosed by the following traits: the 1 st upper molar with 3 inner angles; the 2 nd upper molar usually with 2 inner angles (except for E. olitor with 3 angles); tail length less than 50% of the head and body length or equal to half of the head and body length (E. wardi) or more than 50% head and body length (E. chinensis); the 3 rd upper molar with 3-6 inner angles and usually little intraspecific variation, except for E. wardi which exhibits several patterns. Eothenomys wardi differs from all other members of Anteliomys by the following characteristics: the tail length ratio about 50% of the head and body length (Table 1) ; the 3 rd upper molar of E. wardi very complicated with six patterns (Fig. 2) ; a very dumpy glans penis and very complicated urethral lappet (Table 2; Fig. 3 ). Eothenomys wardi also has much smaller auditory bullae (Table 1) . Within subgenus Anteliomys, E. chinensis is diagnosed in having very large measurements and a larger ratio of tail length to head and body length (about 52%); other species of Anteliomys have a smaller ratio (less than 40%; Table  1 ). In the other species of Anteliomys, the 3 rd upper molar is either complex or simple, and largely invariant (Fig. 2) , and the glans penes are more slender and the urethral lappet more simple than in E. wardi (Table 2 ; Fig. 3) . Finally, E. wardi has a relatively small auditory bullae compared to other species. Compared with members of the sister subgenus Ermites, E. wardi has the same ratio of TL to HBL and E. sp.1 and E. sp.2 both have complicated 3 rd upper molars. However, E. wardi is slightly larger than these two species, and it has a much dumpier glans penis and more complicated urethral lappet.
Discussion
Levels of sequence variation of cytb may indicate species-level distinctions. In mammals, K2P values between 2% and 11% occur among conspecific populations and between distinct species and, thus, indicate additional study is necessary (Bradley & Baker 2001) . The K2P distance between E. custos and E. wardi averages 8.6% and this value is larger than that of the lowest value in subgenus Anteliomys (7.4%). These data support recognition of E. wardi as a species. The matrilineal phylogeny unambiguously located E. wardi in the E. custos species group, and not in the E. chinensis species group.
The ratio of TL to HBL for E. wardi reported by Hinton (1926) is larger than our findings. He reported a HBL of 109.8 mm (104-119, n=5) and a TL of 60 mm (57-64, n=5), which yields a ratio of 0.55. Our expanded sampling resulted in a mean HBL of 100.1 mm (90-112, n=38) and a tail length of 50.2 mm (43-56, n=37), a ratio of 0.50. Our specimens are topotypes. Results of t-tests showed that HBL, TL, HFL, and TL/HBL between our specimens and those of Hinton differed highly significantly (Table 4) . Why is the tail ratio for E. wardi much smaller today than 100 years ago? The head and body lengths (110mm, 105-120) of E. chinensis reported by Hinton (1926) are much shorter than our records (121mm, 105-134). Our specimens of E. chinensis and those of Hinton also differed highly significantly by t-tests for HBL, TL, and TL/HBL (but not HFL). Our t-tests did not detect significant differences in Hinton's records of HBL, HFL, and TL/HBL between E. wardi and E. chinensis, although TL differed significantly. This discrepancy in results may be responsible for many researchers considering E. wardi to be a subspecies of E. chinensis. No evidence suggests the discrepancy owes to field work error. This surprising result most likely reflects a bias in the small size of the type series, in particular the absence of collecting larger specimens. Eothenomys wardi appears to be the sister-species of E. custos. Speciation is likely to be associated with the evolution of the Mekong (Lancang) River. The estimated divergence time for E. wardi and E. custos is almost coincident with the shaping of the Mekong River about 0.1 Ma (Ming et al. 2006 Eothenomys wardi occurs in a very narrow boundary between two rivers on the eastern side of the divide between the Mekong (Lancang) and Salween (Lu) rivers. Narrow Meri Snow Mountain occupies only about 300 km 2 yet attains elevations ranging from 2020m to 6740m. Eothenomys wardi occurs in mingled broadleaf and conifer forests from 2800m to 4500m. In contrast, E. c. custos occurs east of the Mekong River on Baima Snow Mountain at elevations ranging from 3500m to 4000m. The two species are separated by 15 airline km only and E. c. custos also occurs in mixed broadleaf and conifer forests. The two habitats differ only in Meri Snow Mountain being more precipitous. The driver(s) of the substantial morphological divergence that occurs between the two species requires further study.
